Summary Prophylactic drainage of the abdominal cavity after gastro-intestinal surgery is widely used. The rationale is that intra-abdominal drainage enhances early detection of complications (gastro-intestinal leakage, hemorrhage, bile leak), prevents collection of fluid or pus, reduces morbidity and mortality, and decreases the duration of hospital stay. However, dogmatic attitudes favoring systematic drain placement should be questioned. The aim of this review was to evaluate the evidence supporting systematic use of prophylactic abdominal drainage following gastrectomy, pancreatectomy, liver resection, and rectal resection. Based on this review of the literature: (i) there was no evidence in favor of intra-peritoneal drainage following total or sub-total gastrectomy with respect to morbidity-mortality, nor was it helpful in the diagnosis or management of leakage, however the level of evidence is low, (ii) following pancreatic resection, data are conflicting but, overall, suggest that the absence of drainage is prejudicial, and support the notion that short-term drainage is better than long-term drainage, (iii) after liver resection without hepatico-intestinal anastomosis, high level evidence supports that there is no need for abdominal drainage, and (iv) following rectal resection, data are insufficient to establish recommendations. However, results from the French multicenter randomized controlled trial GRECCAR5 (NCT01269567) should provide new evidence this coming year. Accumulating data support that systematic drainage of the abdominal cavity in digestive surgery is a non-beneficial and obsolete practice, except following pancreatectomy where the consensus appears to indicate the usefulness of short-term drainage. While the level of evidence is high for liver resections, new randomized controlled trials are awaited regarding gastric, pancreatic and rectal surgery.
Introduction
Ambroise Paré first described drainage of the abdominal cavity following gastro-intestinal surgery and it has been a surgical tradition for many years. The rationale is that drainage should allow:
• early detection of gastro-intestinal anastomotic leakage;
• better management of gastro-intestinal anastomotic leakage; • avoidance of re-operation;
• drainage of postoperative collections (hematoma, chyle, bile, abscess. . .); • shorten hospital stay;
• finally reduce postoperative morbidity and mortality.
However, the use of routine abdominal drainage has been questioned based on current evaluation of the evidence, and some authors have suggested that abdominal drains might be responsible for increased superficial and deep (organ site) surgical site infection (SSI), pain related to the drain itself, negative effects on ventilation and increased hospital stay [1, 2] . Other complications specifically linked to drainage have been reported, although their exact prevalence is difficult to estimate from the literature: abscess along the drainage tract, gastro-intestinal fistula related to erosion caused by the drain, omental protrusion into the drainage tract, hemorrhage, gastro-intestinal obstruction by the drain, sub-cutaneous emphysema, and even tumor seeding along the drainage tract (0.4%) [3] [4] [5] .
Moreover, the value of postoperative drainage for certain procedures has been questioned to the point that routine drainage is no longer recommended after cholecystectomy [6] , splenectomy [7] , and colonic surgery with intra-peritoneal anastomosis [8, 9] . The French Society of Gastro-intestinal Surgery (Société Française de Chirurgie Digestive [SFCD] ) made several recommendations in 1999 concerning these particular indications [10] . However, no similar recommendations have been published for other indications, such as gastrectomy, pancreatectomy, hepatectomy and proctectomy. Lastly, improvements in operative techniques, and peri-operative management (nutrition, antibiotics, etc.) have led to a decrease in postoperative complications making it necessary to call into question the routine use of drains in gastro-intestinal surgery.
The goal of this short review is to appraise the literature and the level of evidence associated with routine drainage of the abdominal cavity after gastrectomy, pancreatectomy, hepatectomy, and proctectomy. Data were analyzed in relation to the impact of drainage on the postoperative course and on the diagnosis of anastomotic leakage or collections.
Material and methods
We performed a systematic literature search of PubMed and the Cochrane database from 1990 to 2014 using the terms corresponding to the above-mentioned procedures. The references of each article were further reviewed to avoid missing any publications. Included in this review were articles concerning gastric, pancreatic, hepatic and rectal resections, with comparisons between the presence or absence of drainage (or early removal vs. classical removal for pancreatectomy). Only articles for which the entire text was available, in English or French, were included. Articles concerning emergency surgery were not included in this review.
Value of drainage after gastrectomy
Before 2004, were no randomized studies on the value of drainage after gastrectomy, in contrast to hepatic or colorectal surgery [9] . Since then, several randomized trials have been published, some of which included subgroup analysis separating total vs. partial gastrectomy.
In 2011, a Cochrane meta-analysis was published, assembling four randomized trials and including 438 patients [11] (Table 1) . No significant differences were found between patients undergoing drainage or not with regard to postoperative mortality (relative risk [RR] = 1.73, 95% confidence interval [CI]: 0.38-7.84), the rate of re-operation (RR = 2.49, 95% CI: 0.71-8.74), the rate of postoperative complications (respiratory infections: RR = 1.18, 95% CI: 0.55-2.54), SSI (RR = 1.23, 95% CI: 0.47-3.23), organ site infection (OSI) (RR = 1.27, 95% CI: 0.29-5.51), anastomotic leakage (RR = 0.93, 95% CI: 0.06-14.47), or the interval before postoperative feeding. Conversely, the presence of a drain prolonged duration of operation (9.07 min, 95% CI: 2.56-15.57), duration of hospital stay (0.69 days, 95% CI: 0.18-1.21) and was associated with drain-specific complications in two studies (i.e. 5 out of 208 patients).
For the total gastrectomy subgroup, no statistically significant difference was found in patients with or without drainage with regard to 30-day mortality (RR: 3.20, 95% CI: 0.14-75.55), postoperative complications such as respiratory infections (RR: 2.37, 95% CI: 0.39-14.23), SSI (RR: 0,23, 95% CI: 0.01-5.37), OSI (abscesses) (RR: 0.68, 95% CI: 0.04-10.24), duration of operation (median difference of 2.0 min, 95% CI: 12.16-16.16), duration of hospital stay (median difference: 0.77 days, 95% CI: 2.13-3.68), the interval before postoperative feeding (median difference 0.4 days, 95% CI: 0.87-1.76). The sample size for total gastrectomy was too small to allow analysis of rarer events such as re-operation or anastomotic leakage rates, or drainspecific complications.
For the partial gastrectomy subgroup, no statistically significant difference was found between drainage vs. no drainage with regard to 30-day mortality (RR = 1.39, 95% CI: 0.24-8.01), the rate of postoperative complications such as respiratory infections (RR = 0.95, 95% CI: 0.36-2.50), superficial SSI (RR = 1.41, 95% CI: 0.45-4.46), OSI (RR = 1.65, 27) were longer in the drainage group. As for total gastrectomy, the sample size for partial gastrectomy was too small to allow analysis of rarer events such as re-operation or anastomotic leakage rates, or drain-specific complications. While the methodology of the Cochrane meta-analysis [11] is robust and includes an extensive search of the literature, some weaknesses must be noted. Firstly, the total sample was small. Secondly, certain events were so rare (chylous ascites, anastomotic and duodenal stump leak, death) that neither the published trials nor future randomized trials can provide precisions concerning the value of drainage concerning these events. Thirdly, three of the trials were from Asia, and one from South America, potentially limiting the application of results to other patient populations. There was no funnel plot to evaluate any publication bias. Moreover, several factors besides the presence or absence of a prophylactic drain could also have influenced postoperative morbidity or mortality such as:
• the use of peri-operative antibiotics;
• the nutritional status of patients;
• overall patient status.
These data, especially those concerning the nutritional status, were not clearly outlined in the above-mentioned randomized studies, and the distribution of predictive factors for complications between the two groups was not clear. Despite randomization, patient-related factors could have introduced a selection bias. Moreover, there were no available data concerning cost-effectiveness or patient comfort. Last, several other variables were not analyzed in these studies including the type and number of drains, their location, whether they were closed suction or gravity drainage systems, the number of days left in place and the fact that their position might be modified after operation or that they might bend and become obstructed. The primary endpoint chosen (complication and mortality rates, esophago-jejunal or duodenal leak, etc.) adds to the complexity of evaluation in this meta-analysis.
The authors of this review concluded that was no evidence in favor of routine drainage after gastrectomy for cancer. Nonetheless, even with the combined patients of four randomized trials, the total sample was limited and the level of evidence of this review was low, meaning that only future trials (with larger samples) could modify the conclusions of this meta-analysis.
There are few data available to answer the question whether drainage is helpful in making the diagnosis of leakage after total gastrectomy. In the study published by Kumar et al. concerning the value of drainage after partial gastrectomy [3] , only one leak was diagnosed (in one patient) in each of the two groups (drainage [n = 56] vs. no drainage [n = 52]). In this study, the leak was diagnosed based on clinical and sonographic findings. However, no information was provided as to whether drainage helped in making the diagnosis, suggesting that the contribution to diagnosis was weak.
Moreover, in two of the four published trials in the Cochrane review [11] , patients who developed deep OSI without anastomotic leak were treated either with echoguided drainage or a new surgical drainage, but not via the initial drains inserted during gastrectomy (1 case out of 29 in the study by Alvares et al. [12] , no data in the study by Kim et al. [13] ).
In the particular setting of ascites, Mariette, in his 2008 review of the literature [14] , found that in cirrhotic patients undergoing gastrectomy, the mortality was 10%, while morbidity was 40%. In this population, the primary cause of postoperative complications after gastrectomy was ascites (14%), while the anastomotic leakage rate did not seem to be affected. Among the predictive factors for postoperative complications, the presence of closed suction drainage was associated with an increased risk of the onset of complications. In view of these data, the recommendations of this review of the literature were:
• reserving surgery to highly selected patients (Child A, normal preoperative liver function and no history of edema-ascites decompensation); • proscription of postoperative drainage;
• if a drain was inserted, it should be removed before day three.
In conclusion, the data of randomized studies do not demonstrate any advantage in favor of routine prophylactic drainage after gastrectomy. However, these results should be interpreted with caution as the sample size varied greatly between the published series, and the level of evidence in favor of not inserting a drain seems more robust for partial than for total gastrectomy; in our opinion, certain high-risk clinical situations justify the routine insertion of a drain (technical problem during the anastomosis, positive methylene blue test, severe co-morbidities, immunosuppressive state, uncorrected severe mal-nutrition, extended resection to nearby organs, etc.). All in all, the level of evidence remains low, and even while strongly suggested, it is not possible to clearly recommend no drainage after gastrectomy, in the absence of further randomized studies (according to ClinicalTrials.gov, there are three trials underway with the value of drainage as the primary endpoint).
Value of drainage after pancreatectomy
In the 2010 report of the French Association of Surgery, the fistula rate after pancreatoduodenectomy (PD) was 14% while that after distal splenopancreatectomy was 26%. However, the true incidence is difficult to evaluate because of the extreme variability in the definition used [15] .
Drainage of the abdominal cavity after pancreatectomy, and especially placement of drains in contact with the anastomosis, is widely practiced after pancreatic surgery. In a survey published by the European-African HepatoPancreato-Biliary Association (E-AHPBA) in 2013, drainage was used in 93% of PD and 91% of distal pancreatectomies [16] . The goal of drainage in these settings was to evacuate intra-peritoneal fluids in order to prevent collections, but also to diagnose a pancreatic fistula [17] or life-threatening intra-peritoneal hemorrhage.
Assessment of the value of drainage after pancreatectomy should take into account the specific surgical setting in which the diagnosis of fistula is made since surgical techniques, indications, and measures to prevent pancreatic fistula are variable and make the interpretation of data difficult.
Early removal of drainage after pancreatectomy
Bassi et al. published the only randomized study evaluating short-term drainage after pancreatectomy [17] . Patients undergoing either PD or distal pancreatectomy whose drainage effluent had an amylase level ≤ 5000 U/l on postoperative day 1 were included. In the absence of any complication on day 3, the patients were randomized into two groups. The drains were removed in the ''experimental'' arm on day 3, while those in the control group were removed on day 5 if amylase in the drain effluent was ≤ 200 U/l, or later, at the surgeon's discretion, if the effluent amylase was > 200 U/l. The hypothesis was that early removal of drains could decrease the pancreatic fistula rate six fold. The primary endpoint was the pancreatic fistula rate. Of note, this was a monocenter study and the operative technique was standardized. For PD, routine pancreaticojejunostomy was performed, and two Penrose drains were inserted, one on the posterior aspect of the pancreaticojejunostomy, and the second, in contact with the hepaticojejunostomy. For distal pancreatectomy, the Penrose drain was left in contact with the pancreatic stump.
The authors found a statistically significant decrease in the pancreatic fistula rate in the experimental (early removal) group (1.8% vs. 26%, P = 0.0001). The only fistula found in this group was diagnosed after interventional radiology drainage of a peri-pancreatic collection. There were 15 pancreatic fistulas in the control group (one grade C, seven grade B and seven grade A). The only independent risk factor for the onset of anastomotic leak was late removal of the drain (P = 0.0003, OR: 24, 95% CI: 2.7-207.9). There were several weaknesses in this study. The fact that inclusion was limited to those patients with < 5000 U/l amylase on day 1 in whom the aspect of the drainage effluent did not appear to be suspicious by the investigator constitutes a selection bias. Likewise, inclusion of patients with both PD and distal pancreatectomy prevents drawing conclusions for each individual procedure since the procedures and settings differ so much. In addition, many authors would criticise the use of a Penrose drain. One study found that use of a Penrose drain was associated with an increased rate of SSI due to retrograde contamination [18] , while another suggested that the risk of pancreatic fistula was lower compared to the use of closed suction drainage [19] .
The results of the randomized trial confirm those of the historical comparison in PD published by Kawai et al. who compared postoperative drain removal on day 4 to removal on day 8 [20] (Table 2 ). The primary endpoint in this study was the deep OSI rate; it was significantly lower when the drain was removed on day 4 vs. day 8 (3.6% vs. 23%, P = 0.003). Likewise, the risk of need of another drainage was signficantly lower in this group (3.7% vs. 34.6%, P = 0.0002). The duration of drainage was the only independent factor associated with the risk of deep OSI (P = 0.002, OR: 6.7, 95% CI: 1.9-22.7).
The conclusions of these studies suggest that shortterm drainage is associated with a lower risk of SSI and anastomotic leak. Nonetheless the level of evidence is low. A randomized study specifically designed for PD is presently underway in France (Pancreatic drainage protocol NCT01368094, main investigator J.M. Regimbeau) and should provide a response to the question of whether short duration drainage after PD is of any value. [21] . Both PD and distal pancreatectomies were included, with no statistically significant difference in terms of distribution between the There was no statistically significant difference found in the mortality rate between the two groups (1% vs. 1%, P = 0.3), but in the drainage group there were statistically significantly more pancreatic fistulas (44% vs. 11%, P < 0.0001) and gastroparesis (24% vs. 9%, P = 0.02). Of note, the rate of percutaneous drainage and readmission were statistically significantly higher in the group without abdominal drainage (2% vs. 11%, P = 0.001, and 9% vs. 17%, P = 0.007, respectively) [21] .
Absence of drainage after pancreatectomy
Two other retrospective series found a higher fistula rate associated with the absence of drainage: 16% vs. 8%, P < 0.001 for Mehta et al. [22] ; 27% vs. 18%, P = 0.001 for Correa-Gallego et al. [23] . Another retrospective study of 242 patients found no difference [24] .
Conlon et al. published the first randomized trial in 2001, comparing 88 patients with drainage to 91 patients without drainage [25] after PD or distal pancreatectomy. The primary endpoint was the overall complication rate. Pancreatic fistula was defined as a volume of > 30 ml/d with amylase > 150 UI/l in the drainage effluent and/or greater than three times the serum amylase level on postoperative day 5. Based on this definition, it was not possible to evaluate the pancreatic fistula rate in the group without drainage. There were no statistically significant differences found in the overall complication (63% vs. 57%) or mortality (2% vs. 2%) rates.
The second randomized study was published in 2013 and rekindled the debate of whether drainage was necessary or not. While most of the above-mentioned studies tended to show an advantage associated with the absence of drainage, the conclusions of Van Buren et al. were different [26] . In this multicenter study, nine high-volume American centers (approximately 50 PD/year) randomized patients into two groups, one with routine prophylactic drainage, the other, without. In this study, the primary endpoint was the onset within 60 days of any complication, grade II or more (complication requiring some form of treatment), according to the Common Terminology Criteria for adverse events classification. The initial goal was to include both PD and distal pancreatectomies with a total of 376 patients in each arm. However, the trial was stopped prematurely by the Data Safety Monitoring Board, because of excessive mortality in PD without drainage. In substance, the results presented in their paper concerned 177 patients undergoing PD, randomized to either drainage (n = 68) or no drainage (n = 69). The 60-day rate of complication ≥ grade II was statistically significantly higher in the group without drainage (68% vs. 52%, P = 0.047). Moreover, there were significantly more patients with gastroparesis (42% vs. 24%, P = 0.021), deep OSI (26% vs. 12%, P = 0.03), diarrhea (17% vs. 3%, P = 0.005) and intra-peritoneal collections (12% vs. 2%, P = 0.03) in the nondrainage group. Duration of hospital stay was significantly longer in the non-drainage group (8 d vs. 7 d, P = 0.016). While the 60-day mortality rate was higher in the drainage arm, the difference was not statistically significant (9% vs. 1%, P = 0.115). This is therefore the only prospective randomized trial specifically dedicated to PD [26] .
Moreover, pancreatic texture (''soft'' or ''hard'') has to be taken into consideration because this risk factor is associated with pancreatic fistula after PD [17] . In the study published by Bassi et al. [17] , none of the patients evaluated as having a ''hard'' pancreas sustained a pancreatic fistula (0/38), in contrast to those who had a ''soft'' pancreas (16 fistulas in 76 patients), P = 0.015, OR = 8.0 in univariate analysis. The data in the study by Van Buren et al. [26] must therefore be judged keeping in mind that the proportion of patients with a ''hard'' pancreas was similar in the two groups (P = 0.932, 50% in each arm), and that the pancreas was ''soft'' in 80% of patients who died. It is therefore possible that these results do not apply to patients with ''hard'' pancreatic texture, for whom the risk of fistula is lower, and we can infer that no drain is needed in this subgroup.
In conclusion, the data in the literature (Table 2 ) are contradictory concerning the need for routine drainage or not. Of particular note is the pejorative character associated with the absence of drainage reported in the only randomized trial specifically dedicated to PD. These findings do not allow any recommendation not to drain the abdomen after pancreatectomy. Nonetheless, much of the data favors a short duration of drainage in selected patients (policy evaluated in the aforementioned Drainage Pancreas protocol NCT01368094). Another American randomized study is underway comparing drainage vs. no drainage after distal pancreatectomy (NCT01441492) and should end in 2016.
Value of drainage after liver resection
The theoretical goals of drainage after liver resection include:
• prevention of sub-hepatic and/or sub-diaphragmatic collections; • diagnosis of postoperative hemorrhage;
• diagnosis and treatment of biliary leaks;
• drainage of postoperative ascites particularly in patients with cirrhosis.
The settings in which the value of drainage after liver resection have been studied and to which the results of this update refer, include: absence of bilio-intestinal anastomosis, absence of associated gastro-intestinal surgery, absence of bile duct injury, involving parenchymal resections of any type (excepting total vascular exclusion), elective surgery, and inclusion of both benign and malignant disease (intrahepatic cholangiocarcinoma, colorectal liver metastases, hepatocellular carcinoma).
At least five randomized trials and two meta-analyses have compared liver resections with or without drainage [1, 5, 9, [27] [28] [29] [30] (Table 3 ). The Cochrane meta-analysis [5] included six randomized trials published between 1993 and 2006. Five studies [1, [27] [28] [29] [30] compared no drainage vs. closed suction drainage. The sixth study compared closed suction vs. Penrose drainage, and was analyzed separately [31] .
The Cochrane meta-analysis included 465 patients undergoing elective hepatic resections [5] . Emergency liver resections for trauma and resections associated with biliointestinal anastomosis were not included. In all, 234 patients were randomized to the drainage group vs. 231 patients to the non-drainage group. The quality of methodology was considered to be ''good'' in three of five studies.
While the rational behind prophylactic drainage in hepatic resection is to prevent intra-peritoneal collections, the rate of intra-peritoneal collections requiring a new surgical drainage was 2.1% in the drainage group versus 0.9% in the non-drainage group (difference not statistically significant [NS]). Conversely, the radiologic drainage rate was higher in the non-drainage group (5.6% vs. 3.4%, NS).
No statistically significant difference was found between the two groups with regard to in-hospital mortality 2.6% vs. the trials. These differences were no longer significant once when the random-effects model was used. Of note, the authors described one instance of tumor seeding of the drainage tract in the drainage group, for an incidence of 0.4%.
Subgroup analysis according to the type of liver resection (minor vs. major), to concomitant liver disease, cirrhosis, or antibiotic prophylaxis did not reveal any statistically significant differences. Only the duration of hospital stay was significantly shorter in the drainage group, but this difference disappeared when the random-effects model was used. The incidence of SSI was 2.48 time higher in the drainage group in subgroup analysis of only those patients with closed suction drainage vs. no drainage (NS).
Moreover, the results of the randomized study (186 patients) comparing open Penrose drain to closed suction drainage [31] suggested a decrease in the incidence of intraperitoneal collections, respiratory complications (other than infections) and shorter hospital stay in the closed suction group. Conversely, no statistically significant difference was found between the two groups concerning mortality or pulmonary infections.
The Cochrane meta-analysis [5] therefore was unable to prove that an intra-abdominal drain could prevent the onset of any intra-peritoneal collection. Moreover, even if the difference was not statistically significant, SSI occurred twice as often in the drainage group. Another potential value of drains would be to detect potentially severe and life-threatening hemorrhage after hepatic resection, and for most authors, to measure the volume and rate of bleeding. However, no statistically significant difference was found in postoperative mortality between the two groups, suggesting that drainage does not allow detection of severe life-threatening bleeding in these patients. As for biliary leaks, this event was reported in only two trials in this metaanalysis. In the first, there were no biliary leaks in either of the two groups. In the second, there were two instances of biliary leak in the drainage arm. However, the biliary leak was detected by the drain in neither of these two patients (the first case was diagnosed during revisional surgery for sepsis, while the second was detected via interventional radiology). All in all, the prevalence of postoperative bleeding or biliary leak in this meta-analysis was relatively rare, but, of note, prophylactic drainage was of no help either in the detection or the treatment of this complication. Likewise, the study did not show that drainage could prevent or alert the clinician to accumulation of ascites in the cirrhotic patient undergoing liver resection.
In conclusion, in view of the results of this meta-analysis including high quality randomized trials, no argument could be made in favor of routine drainage during elective liver resections without bilio-intestinal anastomosis (level of evidence 1). However, further controlled trials are necessary to confirm these results in certain categories of patients (patients with chronic liver disease, cirrhosis), and after laparoscopic liver resection.
Value of drainage after proctectomy
The risk of anastomotic leak after total proctectomy with total mesorectal excision (TME) followed by low colorectal or colo-anal anastomosis ranges between 10% and 20% [2, [32] [33] [34] . This relatively high-risk can be partly explained by collection of fluid in the non-peritonized dead space [35, 36] . Effectively, after anterior resection of the rectum, the large space left in front of the sacrum can set the stage for hematoma or seroma formation, susceptible of becoming infected. The rationale for routine prophylactic closed suction drainage is to decrease the risk of anastomotic leak by enhancing evacuation of postoperative peri-visceral fluid, and also to detect any anastomotic leak early, and to avoid re-operation [37] . The SFCD proposed a certain number of recommendations for drainage in gastro-intestinal surgery as early as 1999 [10] . These recommendations made a distinction between intra-peritoneal and infra-peritoneal colorectal anastomoses. While the level of evidence was high concerning the probable uselessness of prophylactic drainage after elective colonic surgery, the controlled studies concerning infra-peritoneal anastomoses (after rectal excision) were insufficient to come to any categorical conclusions and the consensual expert opinion favored closed pelvic suction drainage. Two studies with a high level of evidence have confirmed that prophylactic drainage was of no value after elective intra-peritoneal colonic surgery [8, 9] .
In a Cochrane meta-analysis that included 1140 patients in six randomized trials, 191 had undergone rectal excision, 78% of these for cancer [38] . Of note, only one of the six randomized studies concerned rectal surgery for cancer alone, and none for infra-peritoneal anastomoses alone. Moreover, concerning the goal of preventing or treating pelvic septic complications (anastomotic leak, pelvic abscess), presentday practice is not homogeneous among surgeons.
The specific problem of rectal surgery is that surgical morbidity is higher than in other colonic surgery [39] . Severe surgical morbidity includes grades III, IV and V in the Dindo-Clavien complication of surgical complications [40] . Surgical morbidity is approximately 20% according to the literature [41, 42] , specifically represented by pelvic septic complications, most often as a result of anastomotic disunion after rectal resection. Based on recent data from different European registries, the expected morbidity rate after sphincter-sparing rectal excision ranges from 9% to 12% [43] [44] [45] [46] . The risk of anastomotic leak is not influenced by the type of approach (laparoscopy vs. laparotomy) [47] , but is dependent on the level of the anastomosis (< 6 cm from the anal verge), absence of protective ileostomy and male gender [34, 44, 48] . Likewise, the risk of re-intervention is between 5% and 9% [34, 42] , principally related to pelvic septic complications. Lastly, the risk of mortality ranges from 7% to 13% after anastomotic leak occurs, with a rate of definitive stoma between 10% and 20% [34, 44, 46] .
The literature concerning pelvic drainage after sphincter-sparing rectal excision, excluding retrospective studies and studies evaluating intra-peritoneal anastomoses, is composed of three randomized trials [35, 36, 49] , two comparative prospective studies [2, 44] and three meta-analyses [8, 9, 38] (Table 4) . It is important to note that the randomized study that provided most of the data described patients who had not undergone neoadjuvant radiation therapy; these patients routinely had a protective ileostomy for colo-anal anastomosis, while performance of a protective ileostomy varied according to surgeon preference for low colorectal anastomosis [36] . Overall, the three meta-analyses found no significant differences in terms of mortality or SSI. In the meta-analysis by Urbach et al., including four randomized studies with a total of 414 patients undergoing colorectal anastomosis, the authors questioned the role of early detection of pelvic sepsis via a pelvic drain since, among the 20 patients with drains who developed an anastomotic leak, the diagnosis was made on the basis of intestinal content in the effluent in only one patient (5%) [8] . In contrast to this study, in which no specific subgroup analysis on intra-peritoneal anastomosis was performed, Jesus et al. [38] distinguished a subgroup of patients with infra-peritoneal anastomoses only. They found no statistically significant difference between the two groups concerning the anastomotic leak rate (11.7% vs. 13.4%; OR: 0.85 and a 95% CI: 0.36-2). Of note, only two randomized trials were included in this subgroup, with a total of just 191 patients: drainage n = 94 vs. no drainage n = 97 [35, 36] . These results contrast with the outcome reported in a Dutch multicenter study on risk factors for anastomotic leak in a group of 924 patients treated by TME with or without radiation therapy; this study suggested that the absence of pelvic closed suction (RR = 2.53, P < 0.001) and the absence of ileostomy (RR = 1.89, P = 0.003) were independently associated with an increased risk of anastomotic leak. Moreover, in case of anastomotic leak, the risk of surgical re-operation was reduced when the patient had pelvic drainage and a protective stoma [44] .
In conclusion, it is therefore difficult to propose any formal recommendations concerning the utility of pelvic drainage after rectal excision, and in particular for cancer, because the data come from subgroup analyses or noncomparative studies. A French randomized trial from the Groupe de REcherche Chirurgical sur le Cancer du Rectum (GRECCAR5, NCT01269567), which goal was to evaluate the impact of pelvic drainage on the risk of pelvic sepsis after rectal excision for cancer and infra-peritoneal anastomosis, is now terminated. The results of this study should be known during the year 2015.
Conclusion
The policy of routine drainage of the abdominal cavity in elective gastro-intestinal surgery is currently under evidence-based scrutiny. The interpretation of the current literature should take into account the type of surgery and the quality of the studies.
For gastrectomy, the level of evidence is low, but the results of four randomized trials and one meta-analysis suggest there is no necessity to drain for neither total nor partial gastrectomy.
Concerning pancreatectomy, the data do not allow recommendation against drainage, and tend to point to a probable benefit in short-term drainage in selected patients. An answer might come from the French study underway. For liver resection, the level of evidence is high: there is no need to drain the abdomen routinely in the absence of bilio-intestinal anastomosis.
As concerns proctectomy, the level of evidence is low and the analysis does not allow any conclusion on the utility of pelvic drainage after rectal excision. Here again, the results of the GRECCAR5 trial are awaited this year.
All in all, the literature increasingly suggests that routine drainage of the abdominal cavity is obsolete, except in the case of pancreatectomy where short-term drainage seems to have its place.
